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Benzodiazepine agonists such as diazepam, fluni~razepam and clonazepam 
enaanced GABA ( 30 }AM )-stimulated 36C1- uptake in membrane vesicles from the 
rat cerebral cortex. Tae rank order of potencies was flunitrazepam > diazepam = 
clonazepam. B-Carboline-3-carboxylate esters S-CCM,~-CCE and DMCM innibite~ 
GABA-stimulated 3bCl" uptake. T~e rank order of innibitory potencies was DMCM > 
B-CCM > B-CCE. The benzodiazepine antagonist Ro15-1788 antagonized the 
ennancement of flunitrazepam and tneinhibition of DMCM on GABA-stimulated 
36C1- uptaKeina competitiveinnibitory manner. These results suggest that 
benzodiazepine receptors regulate GABA-stimulated 3bC1- uptake and there is a 
functional coupling between the GABA and benzodiazepine receptors, and chloride 
channels in membrane vesicles from the rat cerebral oortex. © 1986 Academic Press, Inc. 

The benzodiazepines are widely used as anxiolytics, sedative-hypnotics, 

muscle relaxants and antieonvulsant~ Their pharmacological effects appear to 

be mediated by enhancing the actions of t~e innibitory neurotransmitter Y- 

aminobutyric acid ( GABA ) ( I, 2 ). Furtner, the discovery oz' specific high 

affinity binding sites for benzodiazepines on brain membranes ( 3, 4 ) led to 

the existence of the GABA/benzodiazepine receptor complex, which is coupled to 

the GABA-gated chloride channel. The chloride channel is also allosterically 

regulated by barbiturates, picrotoxin and cage convulsants ( 5, 6 ). While 

receptor binding studies nave inaicateG an allosteric interaction between 

the benzodiazepine and GABA receptors ( 6, 7 ) and an allosteric interaction 

of [35S]t-~utylbicyelophosphorotnionate ( TBPS ) binding to the ch±oride 

channel by benzodiazepines and ~-carbolines ( ~, 9, 10 ), it has not yet been 

ShOWn biochemically whether benzodiazepines functionally regulate GABA-gatea 

chloride channel~ Recently, a useful biochemical technique to measure GABA- 

stimulated 36C1- uptake in mouse brain membrane vesicles was reported and it 
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was shown that GABA and barbiturate receptors were functionally coupled with 

chloride caannels ( 11 ). Using this system, we now report that benzodiazepines 

and S-carbolines regulate GABA-stimulated 36CI- uptake in membrane vesicles 

from the rat cerebral cortex. 

METHODS 

Preparation.or" membrane vesicles Membrane vesicles from the rat cerebral 
cortex were prepared by tae procedure of Harris and Allan ( 11 ) with minor 
modifications. Male Sprague-Dawley rats ( 200-250 g ) were decapitated and 
their brains were removed. Cerebral corticies were rapidly dissected and 
homogenized by hand ( 12 stro~es ) usinga glass-glass homogenizer in 10 vol 
( w/v ) of ice-cold buf~'er ( 145 mM NaCI2, 5 mM KCi, I mM MgCI2, 10 mM D- 
glucose, I mM CaCI 2 and 10 mM HEPES adjusted to pH 7.5 witn Tris base ). The 
nomogenate was centrifuged at 1000 x g for 15 min at 4°C. The supernatant was 
decanted and the pellet resuspenaed in 10 vol ( w/v ) of buffer was centrifuged 
at 1000 x g for 15 minat 4°C. The final pellet was resuspended in buffer to a 
final protein content of 8-9 mg/ml. Protein concentrations were determined by 
the method of Lowry et al. ( 12 ). 

Measurement o~ 36CI- uptake Aliquots of membrane vesicle suspension 
( 200 ~i ) were preincubated for 10 min at 30°C. After preincubatlon, 36Cl- 
uptake was initiated by the addition of 200 ~i solution containing 36CI- ( 0.2 
~Ci/ml ) and GABA ( 30 ~M ). After incubation for 3 sec, uptake was terminated 
by the addition of ice-cold buffer ( 4 ml x 2 ) followed by rapid vacuum 
filtration ( 0.05 % poiyetnylenimine treated WnatmanGF/C glass microfiber 
filter ) with a Hoofer Scientific filter manifold. Filters were washed witn 
ice-cold buffer ( I ml x 10 ) and 36CI- content of the filters was determined 
by liquid scintillation counting. Benzodiazepines and S-carbollnes were 
preincubated with membrane vesicles at 30°C for 10 mir~ GABA-stimulated 36Cl- 
uptake was calculated as difference between basal uptake in the absence oI" GABA 
and total uptake in the presence of GABS. All data represent the mean + SEM of 
percentage of 36CI- uptake stimulated by 30 ~M of GAB& 

RESULTS 

The uptake of 3bCl- into membrane vesicles from the rat cerebral cortex 

was stimulated by 30 ~M of GABA ( basal uptake : 11.01 + 0.5~, GABA-stimulated 

uptake : 22.~5 + 1.00, net stimulated uptake : 11.g4 + 0.58 nmoles/mg protein#3 

sec ; n = 20 ). 

Diazepam, flunitrazepam and clonazepam enaanced GABA ( 30 ~M )-stimulated 

36C1- uptake in a concentration-dependent manner ( Fig. I ). The maximal effect 

of these benzodiazepines was observed at 10 -6 to 10 -5 M. Diazepam and 

clonazepam showed similar enhancement at 10 -5 M with a 30.0 and 31.0 % 

enhancement of GABA-stimulated 3bCl" uptake, respectively. Flunitrazepam 

produced a g7.7 % enhancement of GABA-stimulated 36C1- uptake at 10 -5 M. The 

EC50 value for flunitrazepam was 2.3 x 10 -8 
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The e f f e c t  o f  c i i aze~m,  f l u n i t r a z e p a m  aria c lonazepam on GABA- 
( 30 ~M )-stimulated 36CI- uptake in membrane vesicles from the rat 
cerebral cortex. Each point represents the mean + SEM of five 
different preparations. 
• , **) Significantly different from control at p<0.05 ana p<0.01, 
respectively. 
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Fig. I. 

Metny-~-carboline-3-carboxylate ( ~-CCM ), ecnyl-6-carboline-3-carborylate 

( S-CCE ) and 6,7-dimethoxy-4-et~yi-6-carboline-3-carboxylic acic methyl ester 

( DMCM ) inhibited GABA-stimulated 36CI- uptake in a concentration-dependent 

manner ( Fig. 2 ). The maximal inhibition of cnese ~-carbolines was observed at 

50 • DMCM 
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T~e effect of 6-CCM, 6-CCE ana DMCM on GABA ( 30 ~M )-stimulatea 36Cl- 
uptake in membrane vesicles from the rat cerebral cortex. Eaca point 
represents t~e mean + SEM of five different preparation~ 
• ) Significantly different z'rom control at p<O.05. 
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Fig. 2. 
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The antagonism by Ro15-1788 of GABA ( 30 ~M )-stimulated 36CI- uptake 
enhanced by flunitrazepam and inaibited by DMC~ Eaa~ point represents 
the mean +_ SEM of I'ive different preparations. 

10 -6 M. DMCM was the most potent inhibitor with 42.1% inaibition on GABA- 

stimulated 36CI- uptake. ~he IC50 value for DMCM was 3.0 x 10-9 M. 

Ro15-1788, a benzodiazepine antagonist, blocked t~e enhancement of I pM 

flunitrazepam and the inhibition o~' I ~M DMCM on GABA-stimulated 36CI- uptake 

in a concentration-dependent manner ( Fig~ 3 ). 

DISCUSSION 

Using a membrane vesicle preparation from tne rat cerebral cortex, we 

examined the effects of several benzo~iazepines and 6-earbolines on the GABA- 

stimulated 36C1- uptake. Diazepam, flunitrazepam and clonazepam which are 

benzoaiazepine agonists enaanced t~e activity of GABA on 36C1- uptake. On the 

ot~er hanm, B-CCM, S-CCE and DMCM which are inverse benzodiazepine agonists 

inaibited the GABA-stimulated 36C1- uptake. 

In preliminary experiments we confirmed that GABA ( 3-300 ~M ) stimulated 

36C1- uptake in membrane vesicles z'rom tne rat cerebral cortex in a 

concentration-dependent manner ( data not ShOWn ). In addition, 100 ~M of 

pentobarbital ennance~ GABA ( 30 ~M )-stimulated 36C1- uptake by 77.2 % of 

control( data not shown ). These findings indicate that the membrane vesicle 
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preparation from the rat cerebral cortex contains GABA and barbiturate 

receptors wnich are functionally coupled to the chloride channels as reported 

in mouse brain ( 11 ). 

We now report that benzodiazepine agonists which exhibit anxiolytic and 

antieonvulsant activities show an ennancement on GABA-gated cSloride channels 

and that ~-carbolines wnich nave proconvulsant or convulsant activity snow an 

opposite effect on this biochemical response. These findings correlate with the 

pharmacological actions of the benzodiazepines and B-carbol~nes in the 

mammalian brair. 

Flunitrazepam was the most potent benzodiazepine stimulator and DMCM the 

most potent B-carboline inhibitor of ~ne drugs examined on the GABA-gatea 

chloride channels. These results correlate with theGABA-shift ratioswhicn 

have been obtained from radioligand binding studies which show that GABA 

enhances the affinity of benzodiazepine agonists ann decreases the affinity of 

inverse benzodiazepine agonists for the benzodiazepine receptors ( 13 ). 

The effects of flunitrazepam and DMCM on the GABA-stimulated 36CI- uptake 

were blocked by Ro15-1788 in a competitive innibitory manner. Since Ro15-1788 

is a benzodiazepine antagonist, the functional effects of the benzodiazepines 

and B-carbolines on the GABA-stimulated 36CI- uptake are mediated by the 

benz odiaz opine receptor~ 

In conclusion, pharmacologically relevant benzodiazepines ennanced GABA- 

stimulated 36CI- uptake in membrane vesicles from the rat cerebral cortex and 

proconvulsant or convulsant B-carbolines innibited this functional response. 

The effects were antagonized by the benzodiazepine antagonist, R015-1788. These 

findings support the hypothesis that there exists a functional coupling between 

the GABAreceptor and benzodiazepine receptor and the chloride channel, and 

that the benzodiazepine receptor may allosterically modulate the GABA receptor- 

chloride channel system. 
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